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© Polystyrene foam containing carbon black. 



0 The present invention relates to styrene polymer foam containing carbon black and includes both particulate 
and extruded forms. Such foams have decreased thermal conductivity. 
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POLYSTYRENE FOAM CONTAINING CARBON BLACK 



This invention relates to improved styrenic polymer foam heat-insulating products and method of 
preparation. It also relates to a novel use for specific types of carbon black. It further relates to the use of 

scrap foam. . 
Styrene polymer foams have been used as heat-insulating products for decades. These commercial 

s foams typically have closed cells (as determined by air pycnometer method in ASTM D-2856) in an amount 
of at least 95 percent, preferably at least 98 percent, and most preferably greater than 99.9 percent. The 
presence of open cells significantly reduces the insulating capability of the foam. No commercial heat- 
insulating styrenic foam has ever contained any carbon black. 

Prior to 1959 it was stated that nucleating agents such as mica, carbon black, metal oxides, and talc 

w could be used in the manufacture of styrenic and olefinic foams, (see U.S. Patent 3,072,584, assigned to 
The Dow Chemical Company). However, nucleating agents are ordinarily present in amounts of only about 
0.2 weight percent. 

Carbon black has been proposed since 1982 for use in electroconductive ethylenic foams for cushion- 
packaging of sensitive electronic equipment (see European Patent Application 0072536. assigned to Asah.- 
75 Dow Limited, published in 1982). However, ethylenic foams are not used for heat-insulating applications for 
reasons including the fact that ethylenic polymers are highly gas-permeable (and thereby permit the escape 
of the insulating gas within the cells). A heat-insulating foam would not be improved by making it 
electroconductive. 

It has been proposed that fillers should be used in foams to reduce cost. However, carbon black 
20 typically costs more than polystyrene. 

It has been speculated that the use of fillers (as a class) might affect the insulating capability of heat- 
insulating foams. However, the use of large amounts of carbon black in preparing olefinic foams tends to 
increase cell size and open cell content. Both of these effects are harmful to the insulating properties of the 
foams. 

25 This invention arose as a result of experiments designed to give a better understanding of the probable 
effect of -adding substantia! amounts of different types of particulate material to the ingredients used m 
making styrenic foams. 

A first aspect of the invention is a foam having resinous cell walls and a closed-cell content of at least 
95 percent as determined by ASTM D-2856, in which the resin is a thermoplastic synthetic resin having at 

30 least 60 weight percent of a polymerized alkenyl aromatic synthetic resin, based on total thermoplastic 
synthetic resin weight: characterized in that the cell walls contain from 1.0 to 25 weight percent, based on 
the weight of the thermoplastic synthetic resin, of a carbon black having a particle size of from 10 to 100 
nanometers and a surface area of 10 to 1500 square meters per gram of carbon black; and wherein the 
foam has a k-factor less than the corresponding foam containing no carbon black, as determined by ASTM 

35 C 518-85. 

A second aspect of the invention is an expandable particle which when expanded is a substantially 
closed-cell foam particle comprising: 

a) a blowing agent; 

b) a thermoplastic synthetic resin having at least 60 weight percent of a polymerized alkenyl aromatic 
40 synthetic resin, based on total thermoplastic synthetic resin weight; and 

c) from 1.0 to 25 weight percent, based on the weight of the thermoplastic synthetic resin, of a 
carbon black having a particle size of from 10 to 100 nanometers, a surface area of 10 to 1500 square 
meters per gram of carbon black; and less than 2 weight percent volatiles in the carbon black based on 
total carbon black weight, including volatiles. 

45 A third aspect of the invention is a process for preparing loose-fill material having superior insulating 
properties, characterized by grinding scrap foam wherein the foam contains at least 1 percent by weight 
carbon black. 

The foam may be in particulate form, generally the type used for molding, or extruded form, such as 
loose-fill packaging or dunnage material in various shapes, thin sheets from about one-eighth (1/8) inch (0.3 
so cm) thick to about one-half (1/2) inch (1.3 cm) thick or boards at least 1/2 inch (1.3 cm) thick, also called 
planks. 

Preferably the foam is an extruded or molded plank having a minimal cross-sectional thickness of at 
least 1/2 inch (1.3 cm) and a minimal cross-sectional area of at least 6 square inches (39 cm 2 ). 

The present invention also contemplates the unexpanded particulate form which when expanded 
provides substantially closed-cell foam particles., 



2 



EP 0 372 343 A1 



Surprisingly, the present invention decreases the k-factor (thermal conductivity) thus increasing the R- 
v/alue (thermal resistance) of substantially closed-cell foams of polystyrene and copolymers having at least 
60 weight percent polymerized styrene by copolymer weight. 

in accordance with this invention, a variety of thermoplastic homopolymers, copolymers and polymer 
5 blends can contain the carbon black. These polymers are derived from one or more alkenyl aromatic 
compounds, including styrene, alpha-methylstyrene, nuclear methylstyrenes, nuclear ethylstyrenes, nuclear 
vinylxylenes, nuclear chlorostyrenes and nuclear bromostyrenes, with minor amounts of other readily 
polymerizable compounds such as alkyl methacrylates, alkyl acrylates, acrylonitrile, maleic anhydride and 
rubber reinforced (either natural or synthetic) styrene polymers. For the purpose of convenience, these 
w polymers, copolymers, interpolymers and polymer blends are referred to as "styrene polymers" and 
contain in chemically combined form, at least 60 percent by weight of at least one alkenyl aromatic 
compound, preferably styrene. 

The blowing agents which can be used in the present invention can be conventional chemical or 
physical blowing agents. This includes mixtures of chemical blowing agents, mixtures of physical blowing 
is agents and mixtures of chemical and physical blowing agents. These blowing agents are compounds which 
are or become gases (physical blowing agent) or produce gases (chemical blowing agent) on heating or a 
reduction in pressure. These include aliphatic hydrocarbons containing 4-6 carbon atoms and halogenated 
hydrocarbons which boil at a temperature below the softening point of the polymer. Usually about 1-25% of 
physical blowing agent per 100 grams of polymer is incorporated prior to foaming. The preferred blowing 
20 agent systems are those illustrated in U.S. Patents 4,636,527 and 3,960,792. 

Also when desired other additives, for example flame retardants, internal fast-cool agents, pigments and 
dyes, stabilizers, anti-lump agents, self-extinguishing agents, plasticizers and the like, can be included. 

One method for preparing a low density small cell size extruded styrene polymer elongate foam body is 
taught in U.S. Patent No. 3,770,668. Other methods for preparing extruded foam include, but are not limited 
25 to U.S. Patent No. 3,751,377, 2,774,991 and 2,669,751. Unexpanded or expanded loose-fill packaging or 
dunnage particles can also be prepared by extrusion methods. 

Other styrene polymer foam may be in the form of beads, granules or other particles convienient for 
expansion and molding operations. These styrene polymer particles can be produced by any of the known 
techniques, for example a suspension technique which gives a bead or pellet shaped product. These 
30 styrene polymer particles may be molded into many shapes, including a styrene polymer elongate foam 
body. 

Both the extruded and the molded styrene polymer elongate foam bodies are useful as heat-insulating 
materials. However for insulation purposes the extruded styrene polymer elongate foam body is generally 
preferred. 

35 The carbon blacks tested in the present invention are those commercially available. Table 1 lists • 
characteristics of the carbon blacks. 
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Table 1 



Carbon Black Properties 






SAMPLE 


Particle Size 

^iNdl HJI Hold o J 


Surface Area (Square 
meters per gram) 


Volatiles 
Content(%) 


pH 


DBPA* (Cubic 
Centimeters per 100 
grams) 


A 


15 


1475 


2.0 


8.6 


330 


B 


16 


343 


9.5 


2.5 


104 


C 


19 


140 


1.5 


7.0 


114 


D 


20 


143 


1.0 


7.5 


118 


E 


24 


138 


5.0 


3.0 


55 


F . 


30 


254 


1.5 


5.0 


178 


G 


31 


70 


1.4 


7.0 


72 


H 


36 


46 


1.0 


7.0 


60 


I 


65 


30 


1.0 


8.3 


75 


J 


75 


25 


0.5 


8.5 


70 



"DBPA-Dibutyl phthalate absorption 



EXAMPLES 12-45 anc CONTROL EXAMPLES 1-11 (MOLDED FOAM) 

Expandable polystyrene strand cut particles are produced in a 1 1/4 inch (3 cm) barrel diameter 
extruder with a mixing section. The maximum temperature in the extruder is about 200 degrees Fahrenhe. 
(F) OS" C) with a die temperature of about 145*F (65'C). The pressure at the diejs m a rang* M>f about 
00-150 psig (800-1150 kPa). All expandable particles contain about 5% carbon black by we.ght of the 
polystyrene The carbon black is added as a polystyrene and carbon black concentrate m an amount to 
achieve 5% load-ng o. carbon black in the strand cut particles. Trichlorofluoromethane ,s used as a blowmg 
agent " an amoun' of about 10 parts per hundred parts of polystyrene. Also added are cal laum tfearate .n 
an amount of about 0.07 parts per hundred parts of polystyrene and hexabromocydododecane ,n an 
amount of about 1.7 parts per hundred parts of polystyrene. After the strand leaves the extruder, ,t .s cooled 
to allow the strand to be chopped into particles. 

in another step the particles are annealed to control cell size. The parties are heated .n a wate r bath at 
about 60 degrees centigrade for about 30 minutes, cooled in cold tap water for about 15 mrnutes dned and 
prefoamed for about 30-150 seconds. The expanded beads are then air dried for 24-48 hours. The 
prefoamed particles are then molded with 7 psig (48 kPa) steam for about l2 0-150 seconds to produce a 6 
inch bv 6 inch by 1 inch (15 x 15 x 2.5 cm) molded shape. 

The thermal conduc vity (k-factor) of the molded foam is then determined at forty days after moWmg 
by interpolation of numerous testings from five to fifty days for various molded samp es (approx-mately 
6 V x 1 inches (15 x 15 x 2.5 cm)) and the resufts are presented in Table 2. The ™^ n g uses he 
ASTM designated standard test method C 518-85, with a mean test temperature of 75 F (24 C). and a 
"Delta" 50" of t 25* F (14* C), and according to ASTM C 1058, Table II guidelines. 

The k-factor test covers the measurement of steady state thermal transmiss.on through flat slab 

^rT^SSSi Purposes, examples of the present invention are compared 
aoains control examples based on the following criteria: (a) the cel. size differential between he example 
and the coZ. example is .ess than about 0,0 mi.limeter; (b) the density differentia, ^ 
and the control example is less than about 0.15 pounds per cubic foot (2.4 kg/m3); and (c) the blowmg 
agent amount differential used in making the foam is less than about 1.5 parts per hundred. 
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Table 2 

k-factor Results for Molded Foam 



EXAMPLE 1 


CARBON 
BLACK 2 ' 


k-factor* 


DENSITY* * 

and 
(CELL SIZE) 


t REDUCTION 
(Control 

C A a 11 1 \J 1 C / 


1 * * * I 


NONE 


0.2033 


2.12(0.18) 


J 


2*** 1 


NONE 


• 0.1970 


2.13(0.21) . 


** 


3 * * * I 


NONE 


0.2072 


2.28(0.19) 


- 


4** * 1 


NONE 


0.2031 


2.29(0.18) 


- 


5 * * * 1 


NONE 


0.2047 


2.29(0.19) 


- 




NONE 


0.2036 


2.31(0.18) 


- 


7 * * * 1 


NONE 


0.1963 


2.33(0.21) . 


- 


8*"* 


NONE 


0.1946 


2.45(0.21) 


- 


g * * * 


NONE 


0.2023 


2.72(0.18) 


- 


10*** 


NONE 


0.2041 


2.72(0.19) 


- 


11*** 


1 NONE "1 


0.1996 


2.74(0.18) 


• 


12 


I A 


0.1835 


2.07(0.19) 


9.7(1) 


13 


1 A 


0.1834 


2.28(0.24) 


1 1.5 (3) 


14 


1 B 


0.1879 


2.08(.022) 


4.6 (2) 


15 


J B 


0.1892 


2.29(0.18) 


6.8(4) 


16 


j C 


0.1871 


2.10(0.29) 


5.0 (2) 


17 


i C 


0.1865 


2.24(0.33) 


NC 


18 


1 D 


0.1887 


2.28(0.10) 


7.1 (4) 


19 


1 D 


0.1899 


2.28(0.10) 


6.5 (4) 


20 


j D 


0.1849 


2.69(0.10) 


8.6(9) 
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Table 2, continued 
k-factor Results for Molded Foam 



EXAMPLE^ 


CARBON 
BLACK* 


k-factor* 


DENSITY** 

and 
(rc\ i ci7C\ 

(,V_tLL il£CJ 


PERCENT3 

(Control 1 
Example) 


21 


E 


0.1914 


2.30(0.14) 


6.0(6) | 


22 


E 


0.19U 


2.33(0.14) 


6.0 (6) | 




E 


0.1894 


2.76(0.14) 


5.2(11) 




F 


0.1878 


2.08(0.21) 


4.7(2) 1 


ZD 


F 


0.1872 


2.30(0.23) 


4.6(7) 1 


ZO 


F 


0.1862 


2.50(0.21) 


4.3 (8) 1 


Z / 


G 


0.1945 


2.26(0.10) 


6.1 (3) 1 


ZO 


G 


0.1989 


2.27(.010) 


[ 4.0(3) 




G 


0.1905 


2.71(0.10) 


5.8(9) 


jU 


u 

it 


0.1930 


2.50(U.1U) 


NC 1 


3 \ 


H 


0.1999 


2.70(0.10) 


1.2(9) 


3Z 


H 


0.1956 


2.75(0.10) 


2.0(11) 




T 


0.1944 


2.13(0.27) 


1-3(2) l 


34 


X 


0.1960 


2.13(0.26) 


0.5 (2) 1 


35 


X 


0.1955 


2.28(0.28) 


5.7 (3) 


36 


X. 


0.1065 


2.28(0.28) 


5.2 (3) 


37 


X 


0.1929 


2.31(0.27) 


f 17(7) 


38 


. X 


0.1911 


2.41(0.27) 


1.8 (8) 


39 


i x 


0,1961 


2.69(0.28)- 


3.9(10) 
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Table 2, continued 
k-factor Results for Molded Foam 



EXAMPLE! 


CARBON 


k-factor* 


PsCKKITV** 
UtlNil I T 

and 
(CELL SIZE) 


PERCENT3 
REDUCTION 

(C nntrAl i 

Example) 


40 . 


J 


0.1866 - 


2.09(0.28) 


5.3 (2) , 


41 


J 


0.1944 


2.25(0.20) 


6.2 (3) 


42 - 


J 


0.1945 


2.27(0.20) 


6.1 (3) 


43 


J 


0.1853 


2.30(0.27) 


5.6(7) 


44 


J 


0.1870 


2.48(0.27) 


3.9 (8) 


45 


J 


0.1934 


2.72(0.20) 


5.2(10) 



*ln British thermal units-inch/square feet-hour-Fahrenheit 

**Pounds per cubic foot 

***Notan Example of the present invention 

1- A11 examples have a bromine content of about 0,25-0.65 weight percent 
based on total weight and initial blowing agent amount of about 10 parts of 
CfC-12 (dichloroditluoromethane) per hundred parts of polystyrene and that 
varied no more than 1 .5 parts per hundred between an Example and the 
compared Control Example. 

2- See Table 1 for carbon black types 

3- Percent decrease is calculated based on the Control 
Example specified in bracket s - " NC" means n no change". 



As can be seen in Table 2, the Examples of the present invention have a decreased k-factor, as 
compared to the Control Examples (1-11). 

Preferably the decrease in k-factor is at least three percent as compared to a control example 
containing no carbon black. 

EXAMPLES 47-48 and COMPARATIVE EXAMPLE 46 (GROUND FOAM) 

More expandable polystyrene strand cut particles are produced utilizing an extruder with a mixing 
section. A blowing agent (12 parts per hundred of trichlorofluoromethane, based on resin weight) and a 
polystyrene having a molecular weight (Mw) of about 186,000 are used. Carbon black is added to achieve 
the desired carbon black level using a concentrate of polystyrene and carbon black with thirty percent of 
the concentrate being carbon black. The particles are then expanded three times with 24 hours aging period 
between each expansion. The expansions use a steam bath with the three separate expansion times being 
about 1.5 minutes, 2 minutes and 1.5 minutes respectively. These expanded particles are then ground and 
the ground material is placed, in a box 8 by 8 by 1 inches (20 x 20 x 2.5 cm) with 0.0003 inch (0.008 mm) 
thick polyethylene film used to hold the ground expanded particles in the box for k-factor testing. The 
weight amount of carbon black by weight of the polystyrene is indicated in Table 3. The density of the 
ground foam was about 0.3 pounds per cubic foot (4.8 kg/m 3 ). The average cell size was about 0.4-0.5 
millimeters. 



EP 0 372 343 A1 



Table 3 



10 



15 



k-factor Results for Ground Foam 




EXAMPLE 1 


CARBON 
BLACK 2 


AMOUNT OF 
CARBON BLACK 


k-factor' 


PERCENT-DECREASE 
(k-factor) 


46"" 


NONE 


NONE 


0.33 




47 


1 


10 


0.26 


21.2 (46) 


48 


1 


20 


0.24 


27.3 (46) 



in driiisn inermai uim&-iiion/oHuw» . 

"Percent decrease is calculated based on the k-tactor of Control Example 1 
"Not an example of the present invention 

'-All examples have a cell size of about 0.4-0.5 millimeters and a density of about 0.3 
pounds per cubic foot 

2 -See Table 1 for carbon black type , 



20 As can be seen by looking at the percent decrease in k-factor in Examples 47 and 48, the introduction 
of carbon black has a substantial effect on k-factor. 



25 



30 



EXAMPLES 62-87 and COMPARATIVE EXAMPLES 49-61 (EXTRUDED FOAM) 

Extruded polystyrene boards are produced in a 2.5 inch (6.5 cm) barrel diameter extruder with a mixing 
sectfon The examples contain varying amounts by weight of carbon black by weight of the P0*ft^«£ 
he ca"bon b.ack added using a concentrate of polystyrene and carbon black ^^th.rty percent of he 
concentrate being carbon black. For some Examples a dichlorodifluoromethane/methyl chlonde b owing 
agem mixfur! Tis used. For other Examples a dichlorofluoromethane/carbon dioxide/ethyl chlonde blow.ng 
agent mixture is used. 
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Table 4 

k-factor Results for Extruded Foam 



EXAMPLE 


CARBON2 

SLACK 
AMOUNT 
AND TYPE 


k-factor* 


DENSITY** 

AND 
(CELL SIZE) 


PFRCFNT1 

DECREASE 
(Control 
Example) 


49*** 


NONE 


0.195 


1.72(0.37) 
(12.0) 




50*** 


NONE 


0.205 


1.74(0.31) 
(12.0) 




51**- 


NONE 


&.185 


1.81(0.18) 
(12.0) 




52*** 


NONE 


0.2O2 


1.82(0.26) 
(7.0) 




53*** 


NONE 


0.2O6 


1.91(0.25) 
(7.0) 




S4-** 


NONE 


0.210 


1.92(0.58) 
(7.1) 




55*** 


NONE 


0.205 


1.93(0.23) 
(7.0) 


• 


56*** 


NONE 


0.198 


1.93(0.31) 
(7.0) 




57*** 


NONE 


0.200 


1.98(0.42) 
(7.1) 




58*** 


NONE 


0.202 


1.99(0.51) 
.(7.0) 




59*** 


NONE 


0.193 


2.00(0.36) 
(7.1) 


• * 


50*** 


NONE 


0.187 


2.39(0.14) 
(7.0) 




61*** 


NONE 


0.183 


2.42(0.14) 
(2.0) 
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Table 4, continued 
k-factor Results for Extruded Foam 



EXAMPLE 


CARBON2 

BLACK 
AMOUNT 
AND TYPP 


k-factor* 


DENSITY** 

AND 
(CELL SIZE) 


PERCENTl 
- DECREASE 
(Control 


62 




Q.187 


1.89(0.37) 
(7.1) 


6.5(57) 1 


63 


*k 


0.186 - 


1.91(0.49) 
(7.1) 


7.9(58) 


64 


*lx 


0.190 


1.91(0.65) 
(7.1) 


9.5(54) 


65 


its 


0.200 


1.95(0.76) 
(7.1) 


NC 


66 


.*JS 


0.176 


1.98(0.24) 
(7.0) 


14.2(55) j 


67 


4/1 


0.177 


2.01(0.31) 
((7.0) 


10.6(56) 


68 


4/1 


0.179 


2.01(0.39) 
(7.1) 


10.5(57) 


69 


4 |I 


0.187 


2.02(0.55) 
(7.1) 


7.4(58) | 


70 


4|X 


0.176 


2.08(0.34) 
(7.1) 


8.8(59) 


71 


4/1 


i 0.190 


2.08(0.52) 
(7.1) 


5.9(58) 


72 


4/1 


0.175 


2.11(0.15) 
(7.1) 


NC 


73 


4/1 


0.196 


2.52(0.87) 
• (7.1) 


NC 


74 




0.181 


2.07(0.26) 
(7.0) 


. 8.6(56) 


75 


>|x 


0.187 


2.11(0.54) 
(7.5) 


7.4(58) 


76 


9/1 


0.179 


1.98(0.32) 
(8.0) 


7.3(59) | 


77 




0.180 


2.11(0.28) 
(7.5) 


6.7(59) 
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Table 4, continued 
k-factor .Results for Ex-truded Foam 



15 


EXAMPLE 


CARBON2 

BLACK 
AMOUNT 
AND TYPE 


- 

k-factor* 


DENSITY* * 

A MPi 

(CELL SIZE) 
(CFC-12)3 


PERCENT' 
DECREASE 
(Control 
Example) 

* 




78 


10jl 


0.184 


1.85(0.39) 


8.0(57) 




79 


10/1 


0.184 _ 


1.88(0.21) 
(6 0) 


10.2(59) 




80 


10IX 


0.183 


1.88(0.31) 
(6 0) 


7.6(56) 


25 


81 


io|x 


0.186 


1.88(0.37) 
(6.0) 


6.1(56) 




82 


10|T 


0.191 


1.94(0.43) 
(6.0) 


4.5(57) 


30 


83 


ioji 


0.177 


2.04(0.23) 
(6.0) 


13.7(55) 




84 


10/1 


. 0.179 


2.08(0.23) 
(6.0) 


12.7(59) 


35 


85 


10/1 


0.163 


2.17(0.20) 
(8.0) 


NC 




86 


10|X 


0.170 


2.20(0.26) 
(8.0) 


NC 


40 


87 


10|X 


0.163 


2.33(0.24) 
(12.0) 


— NC 



*ln British thermal units-inch/square feet-hour-Fahrenheit 
**Pounds per cubic foot and cell size in millimeters 
***Not an Example of the present invention 

1 -Percent decrease is calculated based on the Control Example.listed in the 
column nextto the percent decrease. Generally a Control Example is picked 
based on the density and cell size and initial insulating gas amount which 
most closely match the Example. 

2 - See Table 1 for carbon black type. Amount is weight percent based on resin 
weight. 

3 - Dichlorodifiuoromethane initial amount used, in parts per hundred based 
on the weight of polystyrene. 

As can be seen by looking at Table 4, the k-factor can be decreased substantially by the introduction of 
carbon black into the substantially closed-cell extruded polystyrene foam. While cell size, (insulating) 
blowing agent amount and density have an effect on k-factor, as seen by comparing Control Examples, it is 
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evident by looking at Table 4 that when cell size, blowing agent amount and density are about equal for a 
given Control Example and Example (57 versus 68, for example), the introduction of as little as four percent 
of a carbon black having required size and surface area will decrease the k-factor by at least four percent, 
and specifically in Example 68 versus 57 the k-factor is decreased by 10.5 percent. 

EXAMPLES 90-93 and COMPARATIVE EXAMPLES 88-89 (EXTRUDED FOAM) 

A further series of experiments was run to make extruded polystyrene foam with a 2.5 inch (6.5 cm) 
extruder. The following additives and their levels were used to make the foams, based on the weight of 
polystyrene resin. 

Carbon Black (Type I):- 0, 4. and 10 weight percent 
Talc: 0 to 0.20 weight percent 
Calcium stearate: 0 to 0.20 weight percent 
Magnesium oxide: 0 to 0.10 weight percent 
Polyethylene: 0 to 2.0 weight percent 
Hexabromocyclodecane: 0 to 2.0 weight percent 
1,1-difluoro-1-chloroethane: 6 to 10 weight percent 
Ethyl chloride: 1.5 to 4.5 weight percent 
Carbon dioxide: 0.5 to 1 .5 weight percent. 

The use of the magnesium oxide is to activate the fire retardant additive, hexabromocyclodecane 
(HBCD) Talc, calcium stearate and polyethylene were all used as cell size control agents. 

The experimental work showed that open cells could be eliminated by maintaining the foaming 
temperature below 128* Centrigrade, even when using 10 weight percent carbon black, along with judicious 
choice of blowing agent level. 

The products made with carbon black had slightly higher densities than those made without carbon 
black. All densities (as measured without skins at 12 hours of age and determined by the conventional 
"buoyant force" method) fell within the range of from 1.98 to 2.37 pounds per cubic foot (31.7 to 38.0 
kg/m 3 ). 

Testing of the products for k-factor showed that use of 10 percent by weight carbon black reduced the 
k-factor for freshly made foam by about 15 percent (from about 0.155 to 0.131 British Thermal Units - 
inch/square foot-hour-degrees Fahrenheit for foam tested 1 hour after being made). 

The foregoing results suggest that the k-factor of the foam after being aged for several years would be 
lower (and therefore better) than any styrenic foams previously made. 



Claims 

1. A foam having resinous cell walls and a closed-cell content of at least 95 percent as determined by 
ASTM D-2856, in which the resin is a thermoplastic synthetic resin having at least 60 weight percent of a 
polymerized al'kenyl aromatic synthetic resin, based on total thermoplastic synthetic resin weight; character- 
ized in that the cell walls contain from 1.0 to 25 weight percent, based on the weight of the thermoplastic 
synthetic resin, of a carbon black having a particle size of from 10 to 100 nanometers and a surface area of 
10 to 1500 square meters per gram of carbon black; and wherein the foam has a k-factor less than the 
corresponding foam containing no carbon black, as determined by ASTM C 518-85. 

2. A substantially closed-cell foam, as claimed in Claim 1. wherein the carbon black is present in an 
amount from 1.5 to 10 weight percent. . 

3 A substantially closed-cell foam, as claimed in Claim 1, wherein the foam is an extruded plank having 
a minimal cross-sectional thickness of at least 1/2 inch (1.3 cm) and a minimal cross-sect.onal area of at 
least 6 square inches (39 cm 2 ). . 

4 A substantially closed-cell foam, as claimed in Claim 3, wherein the extruded plank has a dens.ty of 
less than 3 pounds per cubic foot (48 kg/m 3 ) and an average cell size through the minimal cross-sect.onal 
thickness direction from 0.05 to 2.0 millimeters. 

5 A substantially closed-cell foam, as claimed in Claim 1, wherein the foam is expanded particles. 

6. A substantially closed-cell foam, as claimed in Claim 1, wherein the foam is molded expanded 

particles. , , , _ ... 

7 A substantially closed-cell foam, as claimed in Claim 6, wherein the foam is a plank of molded 
expanded particles having a minimal cross-sectional thickness of at least 1/2 inch (1.3 cm) and a minimal 
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cross-sectional area of at (east 8 square inches (52 cm 2 ). % 

8. An expandable particle which when expanded is a substantially closed-cell foam particle comprising: ' ' " ' 

a) a blowing agent; 

b) a thermoplastic synthetic resin having at least 60 weight percent of a polymerized alkenyl aromatic 
synthetic resin, based on total thermoplastic synthetic resin weight; and 

c) from 1.0 to 25 weight percent, based on the weight of the thermoplastic synthetic resin, of a 
carbon black having a particle size of from 10 to 100 nanometers, a surface area of 10 to 1500 square 
meters per gram of carbon black, and less than 2 weight percent volatiles in the carbon black based on 
total carbon black weight, including volatiles. 

9. An expandable particle, as claimed in Claim 8, wherein the carbon black is present in an amount 
from 1 .5 to 1 0 weight percent. 

10. A process for preparing loose-fill material having superior insulating properties, characterized by 
grinding scrap foam wherein the foam contains at least 1 percent by weight carbon black. 



15 



20 



25 



30 



35 



40 



45 



50 



55 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



GB-A-l 421 529 (ROTHMANS INTERNATIONAL 

^Claims 1,6,7,13,14; page 2, lines 
90-95; page 4, lines 27-45; examples 

FR-A-2 111 525 (DOW CHEMICAL CO ) 

* Claim 1 * & US-A-3 770 668 (Cat. D) 

GB-A-l 583 627 (SOUTHERN CHEMICALS 
LTD) 

* Claim 1 * 



The present search report has been drawn up for all claims 



Relevant 
to claim 



i 10 



Place of search 

THE HAGUE 



Dale ol completion of Ibe March 

19-03-1990 



Application Number 

EP 89 12 1845 



CLASSIFICATION OF THE 
APPLICATION (Int. C1 ; S) 



C 08 K 

C 08 L 
C 08 J 
C 08 J 
C 08 J 



3/04 
25/00 
9/04 
9/16 
11/06 



TECHNICAL FIELDS 
SEARCHED (Int. CI.5) 



C 08 J 
C 08 K 



HALLEMEESCH A.D. 



CATEGORY OF CITED DOCUMENTS 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D • document cited in the application 
L • document cited for other reasons 




